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T H E C H A N G I N G M E D I C A L L A N D S C A P E
It is the remit of infection control in hospitals tomaintain hos-
pital-acquired infections at the lowest possible rate by imple-
menting hospital-wide policies for safe practice, detecting
infections through surveillance, and containing outbreaks of
nosocomial infections when they occur [1^3]. The changing
nature of medicine, however, means that infection controlwill
need to adapt to future demands. A century ago, medicine
used to be simple, ine¡ective, and relatively safe. Now it is
complex, e¡ective, and potentially harmful. Despite all
achievements (medical interventions have never been so suc-
cessful as today), the medical profession is confronted with an
increasingly sceptical and informed public. Patients expect
open and sincere information on possible side-e¡ects before
signing any consent form, while doctors call for more safety,
more precautions and better preventive measures against
adverse outcomes, of which nosocomial infections are among
the most signi¢cant. The threat of litigation creates a climate
of insecurity and a growing temptation to call formore micro-
biological monitoring, more disposable equipment, more dis-
infection, andmore antibiotic use than ever before.
With funding that fails to keep pace and more competition
for resources, bed numbers in hospitals have diminished and
the throughput of patients has increased.With the understand-
ing that the objective of infection control is to monitor and
safeguard healthcare outcomes in hospitals, with respect to
infections, future demands will gowell beyond auditing, sur-
veillance and testing the e¡ectiveness of decontamination pro-
cedures. Forthcoming responsibilities are likely to embrace
issues of quality control and assurance, and benchmarking,
and certainly cannot remain con¢ned to hospital intramural
activities but need to be complemented by outreach compo-
nents, as hospitals are open systems that exchange patients and
their pathogens with the community. Shorter duration of stay
in hospitals means that hospital-acquired infections that for-
merly could easily be identi¢ed by in-house surveillance will
more often develop in the community, and at the same time
there is a growing recognition that many patients already
carry di¤cult-to-treat organisms when they arrive in hospi-
tals. In fact, some of the most important multiply resistant
organisms that cause hospital-wide problems, such as vanco-
mycin-resistant enterococci (VRE) and methicillin-resistant
Staphylococcus aureus (MRSA), are increasingly reported as
being introduced into the hospital from the community or
non-hospital care facilities by colonized patients [4]. During
the past 2 years, health authorities in the USA have already
responded to these developments and changed the names of
advisory bodies and publication systems from hospital infec-
tion control to healthcare infection control [5]. In England,
the relationship between infection control committees in hos-
pitals and regional consultants for communicable disease con-
trol were newly de¢ned in 1995, when the `Guidance on the
Control of Infections in Hospitals' were revised, and in Den-
mark, the National Center for Hospital Hygiene from the Sta-
tens Serum Institute in Copenhagen is currently developing a
national infection control standard for health services which
seeks to combine infection control at the hospital and commu-
nity level.
H ET E RO G EN E I T Y O F TR A I N I N G I N I N FE C T I O N
C O N T R O L
In many European hospitals, some form of infection control
is in place and usually carried out by infection control nurses
or doctors. These individuals are mainly acting on behalf of
the hospital authorities and are responsible to the senior hospi-
tal manager. However, no knowledge is currently available
regarding their training and professional background. It is
believed that intensive care doctors frequently belong to hos-
pital microbiological departments and convene or preside
over hospital infection control teams. Additionally, some
infection control doctors may also be appointed from di¡erent
specialities. Owing to the growing demands and changing
landscape of healthcare in advanced market communities, it
has become vital that infection control personnel should be
trained in all aspects of infection control, in order to remain
the acknowledged experts in their ¢eld. In order to describe
the professional organization and training in infection control
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at the national level, we carried out a survey in 11 countries
of the European Union, including Norway, Switzerland and
Lithuania (see Acknowledgment). By sending out a question-
naire to colleagues known to be involved in infection control
at various national levels, we addressed three pertinent ques-
tions:
1. Who carries out infection control in hospitals such as
local/district hospitals (< 800 beds) and large regional/uni-
versity hospitals (> 800 beds)?
2. What proportion of hospitals has infection control person-
nel and what is the recommended ratio of specialized nurses/
doctors per hospital bed?
3. What are the professional requirements that qualify nurses
and doctors for infection control in hospitals, including the
duration of training, detailed curriculum, examinations and
formally approved degrees?
The response suggests that, in most hospitals of the coun-
tries approached, infection control personnel are employed
(Table1), with expert sta¡ in the majority of large hospitals.
Nevertheless, ¢ve of the respondents could not rule out the
possibility that untrained personnel may be assigned to that
task. In smaller hospitals, the majority of respondents agreed
that infection control teams may consist of sta¡ with no for-
mal specialist training.
Overall, 60% of all hospitals in the approached European
region have at least one sta¡ member dedicated to infection
control (Table 2). For half of the countries, some sort of guide-
lines or recommendations on the numbers of such personnel
per hospital beds exists. On average, one infection control
nurse is recommended for every 250 beds (range: 100 in
Lithuania to 500 in Belgium) and one doctor for every 400
beds (range: 300 in Lithuania to1200 in Belgium).The highest
recommended density of infection control personnel per bed
exists in Lithuania, although only 3^4% of the hospitals
reportedly adhere to this recommendation.
Eleven of the 14 European countries approached have a spe-
ci¢c training course for nurses in place. Nurses who aspire to
such training must have full registration (quali¢cation) and
various degrees of postregistration experience.The training is
o¡ered as a part-time modular course in the majority of coun-
tries and leads to a formally approved degree in 11 countries,
on condition of a passed examination in nine. From the
detailed information about the curriculum, all courses for
nurses include microbiology, and some cover antibiotic treat-
ment (7/11), resistance mechanisms (4/11) and molecular epi-
demiology (3/11). In terms of communicable diseases
epidemiology, most of the courses address surveillance meth-
ods and outbreak management (9/11). Technical aspects of
decontamination, engineering and the environment are also
included (9/11), as are medico-legal and socio-economic
aspects (9/11).
Respondents from seven of 14 countries reported training
in infection control for doctors. However, there were some
discrepancies concerning the type or scope of the training.
Some of respondents included the practical education of doc-
tors during the specialization for clinical microbiology or
infectious diseases, and others speci¢cally referred to dedi-
cated courses (Belgium, Germany, France, Finland). Thus, a
detailed analysis of the training in infection control of doctors
became di¤cult and inconsistent. It appears that, in contrast to
the situation with nurses, stand-alone training does not exist
for doctors in most countries, as it is assumed that the speciali-
zation in clinical microbiology or infectious diseases inher-
ently quali¢es the doctor for infection control. Only six
countries recognize a formally approved degree for which a
passed examination is required.
In Germany, infection control is included in the specialist
training for `hygiene and environmental medicine', which
takes 5 years and ends with an examination and specialist
registration. The trainees receive a broad education in all
environmental health issues, including environmental pollu-
Table 1 Who is likely to be responsible for infection control (IC) in a local/district hospital <800 beds or in a large regional/university
hospital >800 beds?
No. of respondents answering yes (%)
Personnel < 800 beds > 800 beds
IC nurse with training in infection control 6 (43) 10 (71)
Any registered nurse assigned to the job 8 (57) 3 (21)
IC doctor (including microbiologists, ID physicians or experts trained in IC 6 (43) 12 (86)
Any doctor from different specialities
(no microbiologist, ID physician, or experts trained in IC)
8 (57) 2 (14)
No-one 0 0
IC, infection control; ID, infectious disease.
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tion, radiation, and air, food and water hygiene.The emphasis
on environmental issues means that training objectives are
more concerned with exposure levels and are thus expert,
rather than evidence, based [6]; a fact that presently is under
discussion. In addition, trainees are not routinely involved in
clinical microbiology and bedside hospital decisions. In the
UK and Ireland, infection control doctors are expected to be
consultants in clinical microbiology and to have passed a for-
mal examination leading to the membership of the Royal
College of Pathologists (MRCPath). This highly versatile 5-
year training focuses on all aspects of clinical microbiology,
but hardly includes any speci¢c components aimed at infec-
tion control in hospitals or in the community. In recognition
of these de¢ciencies, a diploma course for hospital infection
control was initiated in 1998, and this year the ¢rst specialist
will pass the examination in theUK [7].
T H E N EE D FO R A N E W P R O F ES S IO N A LI S M
The survey showed considerable heterogeneity in di¡erent
countries, and revealed some discrepancies between national
policies and clinical reality. Some consistent features, how-
ever, are emerging.Whereas the majority of infection control
nurses seem to enjoy some form of specialist training in most
of the European countries, doctors are mainly recruited from
microbiology departments, are infectious diseases experts or
are appointed from other specialities and are not likely to have
been exposed to speci¢c training in infection control. The
question is, does a clinical microbiologist or infectious diseases
specialist automatically make a good infection control doctor,
not to mention anesthesiologists, pediatricians, internists, and
surgeons? During a good part of their professional life, clini-
cians as well as clinical microbiologists receive a highly speci-
¢c training that focuses on diagnostic precision and treatment
for individual patients.The objective of serving the patient for
the bene¢t of the population is, however, reversed in infection
control disciplines. Here, the aim is to serve the population to
bene¢t the individual. Consequently, epidemiologic and eco-
logical thinking (in its original biological sense) need to be
engendered in infection control specialists.
Apart from a detailed knowledge of the biological and phy-
sical properties of microorganisms, the interaction between
hosts and pathogens needs to be quanti¢ed at population
levels.To understand the dynamics of infection and transmis-
sion in often complex hospital environments (such as intensive
care units) and in the presence of e¡ect-modifying events
(such as antibiotic selection pressure), fundamental knowledge
in epidemiology, ecological modeling and biological statistics
seems to be indispensable to infection control specialists.
Without these skills, sta¡ will ¢nd it di¤cult to analyze publi-
cations, guidelines and recommendations critically, not to
mention carry out meaningful investigations on their own [8].
It seems to be peculiar to infection control that many recom-
mendations are opinion driven, rather than based on thorough
investigations.To complicatematters, infection control specia-
lists have to make many di¤cult, disagreeable and, at times,
controversial decisions during their daily routine [9]. In order
to do that, infection control doctors need an authority that can
only be based on competence, professionalism, and the capa-
city to generate genuine research results. Professionalism,
however, means, that specialized knowledge and skills are
acquired by formal training of a theoretical and practical nat-
ure (and not by practice alone) and tested by some form of
examination under the supervision of authorized institutions,
leading to a formally approved degree or quali¢cation. The
shaping of the professional pro¢le is also needed for entirely
di¡erent reasons. In order to meet future demands, there is the
need to recruit scienti¢cally oriented and capable young doc-
tors and nurses.Thiswill in part hinge on the capacityof tutors
and lecturers to stimulate the excitement of their students.The
success of such e¡orts, however, will ultimately depend on the
ability of infection control to develop its role as an academic
discipline and create a career structure that satis¢es the ambi-
tions of future generations of doctors and nurses.
The neglect of training also creates opportunities. The
authors feel that it is now time for experts in the ¢eld to de¢ne
Table 2 Proportion of hospitals with infection control staff (%), national recommendations of density of infection control staff per number of
hospital beds and median duration of training in infection control
Mean Range
Proportion of hospitals having IC personnel 60% 3% (Lithuania) to 100% (Belgium, Denmark, Sweden, Ireland and the UK)
Recommended number of hospital beds per IC nurse 250 100 (Lithuania) to 500 (Belgium)
Recommended number of hospital beds per IC doctor 400 300 (Lithuania) to 1200 (Belgium)
Training in IC for IC nurse 1 year 16 days (France) to 2 years (Belgium/Germany/The Netherlands
Training in IC for IC doctor 2 years 16 days (France) to 5 years (Germany)
IC, infection control; ID, infectious disease.
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a curriculum and training modules, and agree on study objec-
tives on a Europe-wide basis; these could serve as a template
for an integrated European course in infection control. This
approach, using the methods of distance-based learning [10,
11], maywell includemodules alreadyo¡ered by national edu-
cation boards and should enable students to choose from a
greater variety of specialist education in di¡erent European
countries. International mentors for individual students and a
European infection control curriculum and examination
committee that appoints external examiners would ensure
that students will be guided safely and that training and exam-
inations meet the high standards that should be achieved. Such
a project will certainly bene¢t from the experience already
gained by existing and successful networks such as the Eur-
opean Program for Intervention Epidemiology Training
(EPIET) and the master course for clinical tropical medicine
organized by several European schools of tropical medicine.
A recent review by Burnie [12] emphasized the question of
whether infection control is an academic study. Infection con-
trol should shape a new professionalism by improving the
standard of training through a course structure accepted in
many European countries, and is in fact a splendid academic
task.
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